the LNs in comparison to the PB was greater than that in control patients. The ratio observed in the BA patients was almost double the ratio observed in the control patients. The median LN/PB ratio in the BA patients was 3.1, while that in controls was 1.6 (P = 0.03). Conclusion The present study showed that the ratios of both total T reg cells and active T reg cells were higher in the hepatic hilar lymph nodes of BA patients. This finding could shed light on the pathogenesis of BA.
Introduction
Biliary atresia (BA) is an intractable disease that presents as severe bile duct obstruction and progressive liver cirrhosis. Data from the Japanese Biliary Atresia Registry (JBAR) show that between six and 18 months, after the Kasai operation, the jaundice-free native liver survival rate remains at approximately 60% [1] . The etiology of BA is still controversial. The hypothesized pathogeneses include aberrant type 1 helper T-cell (T H 1) and T H 17 responses, regulatory T-cell (T reg cell) deficiency, the activation of humoral immunity, and autoimmunity [2] . Studies testing these hypotheses only measured T reg cells from the peripheral blood. However, pediatric surgeons often observe swelling of the hepatic hilar lymph nodes (hepatic hilar LNs) during the Kasai procedure [3] . We, therefore, considered that it was important to examine the hepatic hilar LNs as well as the peripheral blood. Thus, the aim of this study is to identify the frequency of T reg cells in the hepatic hilar LNs and the peripheral blood using flow cytometry.
Abstract
Purpose A proposed etiopathogenesis of biliary atresia (BA) involves T-cell-mediated inflammatory bile duct damage and progressive hepatic fibrosis. Pediatric surgeons often observe swelling of the hepatic hilar lymph nodes during the Kasai procedure. Given the importance of regulatory mechanisms in immune responses, the present study was designed to analyze the quantitative changes of regulatory T cells (T reg cells) in the hepatic hilar lymph nodes (hepatic hilar LNs) and peripheral blood (PB) in BA. Methods The hepatic hilar LNs and PB obtained during the Kasai procedure were analyzed by flow cytometry. The ratios of total and active Tregs to the total CD4 + cells in the PB and the hepatic hilar LNs were compared. Results In patients with BA, the ratios of both the total and active T reg cells in the hepatic hilar LNs were higher than those in the PB (total T reg cells: PB vs. LN; P < 0.001; active T reg cells: PB vs. LN; P = 0.001). In BA patients, the increase in the ratio of active T reg cells to the CD4 + cells in
Materials and methods

Subjects
This is a prospective study of 9 BA patients who were encountered between April 2012 and July 2016. This study was approved by the ethics committee of the University of Tsukuba Hospital (H27-263) and the Institutional Review Board of Ibaraki Children's Hospital (23A-17).
Written informed consent to participate in this study was obtained from the parents of all of the subjects. Further 5 patients with congenital biliary dilatation were also included in the study as controls (Table 1 ). In the BA patients, the median period between birth and the operation was 47 days (range 20-104 days). The median age of the control patients was 3 years (range 1-14 years) ( Table 1) .
Flow cytometry
The samples were processed, without freezing, immediately after they were obtained from the patients. One milliliter of peripheral blood was drawn via an arterial line established immediately after the induction of general anesthesia. The phenotyping of cell surface markers in fresh whole peripheral blood was performed using flow cytometry (FACS Calibur; BD Biosciences, San Jose, CA, USA) and the CELL Quest Ver. 3.3 software program (BD Biosciences). The actual FACS analysis was performed on the day of the operation. The following antibodies were used: anti-CD4 antibody labelled with PerCP (clone SK3; BD Biosciences), anti-CD25 antibody labelled with APC (clone 2A3; BD Biosciences), and anti-CD45RA antibody labelled with FITC (clone ALB11; Beckman COULTER [IMMNOTECH] Marseille, France). Intracellular staining with anti-FoxP3 antibody labelled with APC (clone PCH101; eBioscience, San Diego, CA, USA) was performed after fixation and permeabilization in accordance with the manufacturer's instructions. We measured the T reg frequency using 3 colors (CD4, CD25, and FoxP3) in 2 of the 9 BA samples and 4 colors (CD4, CD25, FoxP3, CD45RA) ( Fig. 1 ) in the remaining 7 BA samples. All 5 control samples were measured using 4 colors.
The hepatic hilar LNs were obtained during the Kasai procedure via a usual portal dissection procedure, which is commonly performed in this operation. The lymph node samples were minced with scissors in 0.2% BSA in 0.1% NaN3 PBS and mixed with touched-mixers. The cells that passed through 77-µm mesh were counted by FACS. The gating strategy for the FACS analysis included total and active T regs among CD4 + T cells. [4, 5] . The LN/PB ratio was used to reveal the T reg cell shift (Table 4) , while the percentage of active T reg cells among total T reg cells was analyzed to clarify the changes in the fraction.
Statistical analyses
The SPSS software program (version 23; IBM, Armonk, NY, USA) was used for all of the statistical analyses. Nonparametric comparisons were performed to analyze the results and the significance was tested using the Mann-Whitney test, because the LN and PB samples were not perfectly paired, as agreement for sampling was not obtained from all of the patients. P values of <0.05 were considered to indicate statistical significance. The data were tested using a two-sided test, and were expressed as the median and first and third quartiles. 
Results
We obtained nine LN samples and 8 PB T reg cell samples from the BA patients. Active T reg cells were sorted from 7 LN samples and 6 PB samples. Total and active T reg cells were measured in the 5 PB and LN samples from all 5 control patients ( Table 2 ). The specific data are shown in Table 3 .
Higher ratios of both total T reg cells and active T reg cells were detected in the hepatic hilar lymph nodes in BA patients
As shown in Fig. 2 and Table 3 , the ratios of both total T reg cells and active T reg cells to CD4 + cells in the hepatic hilar LNs were higher than those in the PB. These ratios also tended to be higher in the control patients, but the difference was not statistically significant. The values in the BA patients were almost twice those of the control patients.
The median LN/PB ratio in the BA patients was 3.1, while that of the control patients was 1.6 (P = 0.03) ( Table 4 ).
The increase in the ratio of active T reg cells to total T reg cells in the LNs of BA patients
We analyzed the ratio of active T reg cells among the total T reg cells. The ratio of active T reg cells to total T reg cells in the hepatic hilar LNs was higher than that in the PB of BA patients. In contrast, the ratios in the hepatic hilar LNs and PB of control patients did not differ to a statistically significant in the control patients (Fig. 3) .
Discussion
To clarify the immune-mediated changes occurring in the liver as a target organ of BA, it is important to investigate the T reg cells in the hepatic hilar LN, which are the liver-draining LNs [6] . The normal level of lymphocytes is age-dependent, so it is not appropriate to compare the absolute PB cell count to that in control patients. Instead, we compared the ratio of T reg cells in the PB to that in the hepatic hilar LNs between the two groups. Our data revealed that the LN/PB ratio of activated T reg cells was higher in patients with BA. This discrepancy may be a consequence of either an increase in the percentage of T reg cells in the hepatic hilar LNs or a decrease in the percentage of T reg cells in the PB. Our results differ from some previous reports. Yan et al. reported that BA patients showed a decreased percentage of T reg cells in their PB [7] . Brindley et al., who investigated circulating T reg cells in the PB, found significant deficits in the percentages of T reg cells in patients with BA; notably, they found that cytomegalovirus (CMV)-specific T-cell reactivity was associated with T reg deficits in the PB [8] . They considered it plausible that this T reg -cell deficit in the PB occurred due to the sequestration of T reg cells within the liver or the draining lymph nodes of BA patients. They further analyzed the percentages of T reg cells in the hepatic hilar LNs of 9 BA patients in comparison to the percentages of mononuclear cells in the PB of matched patient samples. However, no significant differences were found in the percentages of T reg cells in the PB and LNs of patients with BA. In contrast, our data showed an increase in the percentage of T reg cells in the LNs. The fact that none of the patients in our series were CMV IgM-positive, which may explain the differences between our findings and the results of the study by Brindley et al. It is possible that CMV infection affects the percentage of T reg cells.
Two possible immune-mediated mechanisms may be involved in the higher ratio of T reg cells in the hepatic hilar LN. The first is a primary increase that occurs as a natural response-as seen in pregnancy [9] and maternal microchimerism [10] . The other is a secondary increase Fig. 2 Results of the statistical analyses of the ratio of total T regs and the ratio of active T regs in total CD4+ cells (Specific data are shown in Table 3 ). The ratios of both total T regs and active T regs were higher in the hepatic hilar LN than in the PB of BA patients. Box-Whisker plot the box represents the median, and the first and third quartiles. The whiskers represent the highest and lowest values. PB peripheral blood, LN hepatic hilar lymph node Fig. 3 Results of the statistical analysis of the ratio of active T regs / total T regs . The ratio of active T regs in total T regs was larger in the hepatic hilar LN than in the PB in BA patients, but not in the control patients. PB peripheral blood, LN hepatic hilar lymph node that suppresses the activated immune effector cells (Th1 or Th17) in the hepatic hilar LN to balance the immune system [11] . The present study is associated with several limitations. First, the study population was relatively small. Second, the age of the control patients did not match the age of the BA patients. We made every effort to obtain age-matched controls, but were unsuccessful due to the absence of LN swelling in the porta hepatis of age-matched control patients. Third, we did not analyze the T reg population in the BA liver or the co-signaling molecules that affected the T cells [12] . Despite these limitations, our preliminary data suggest the occurrence of a localized immune reaction, which is not detectable in the peripheral blood and which could underscore the importance of analyzing the immunological changes in the hepatic hilar LNs, paving the way for further investigation into the immune mechanisms of BA.
